The energy study on the UNIMAS Faculty of Engineering buildings by Haslina, Binti Abdul Rahim.




HASLINA ABDUL RAHIM 







THE ENERGY STUDY ON THE UNIMAS OF 

FACULTY OF ENGINEERING BUILDINGS 





Tesis Dikemukakan Kepada 

Fakulti Kejuruteraan, Universiti Malaysia Sarawak 

Sebagai Memenuhi Sebahagian daripada Syarat 

Penganugerahan Sarjana Muda Kejumteraan 

Dengan Kepujian (Kejuruteraan Mekanikal dan Sistem Pembuatan) 
2000 

Borang Penyerahan Tesis 

Universiti Malaysia Sarawak 

RI3a 
BORANG PENYERAHAN TESIS 





SESI PENGAJIAN: 1997/2000 

Saya 	 HASLINA ABDUL RAHIM 
mengaku membenarkan tesis ini disimpan di Pusat Khidmat Maklumat, Universiti Malaysia Sarawak dengan 
syarat-syarat kegunaan seperti berikut: 
I. 	 Hakmilik kertas projek adalah di bawah nama penulis melainkan penulisan sebagai projek bersama dan di biayai 
oleh UNIMAS, hakmiliknya adalah kepunyaan UNIMAS. 
2. 	 Naskah salinan di dalam bentuk kertas atau mikro hanya boleh dibuat dengan kebenaran bertulis daripada 
penulis. 
3. 	 Pusat Khidmat Maklumat Akademik, UNIMAS dibenarkan membuat salinan untuk pengajian mereka. 
4. 	 Kertas projek hanya boleh diterbitkan dengan kebenaran penulis. Bayaran royalti adalah mengikut kadar yang 
dipersetujui kelak. 
5. 	 • Saya membenarkanltidak membenarkan Perpustakaan membuat salinan kertas projek ini sebagai bahan 
pertukaran di antara institusi pengajian tinggi. 
6. 	 on Sila tandakan (.f) 
o SULIT (Mengandungi maklumat yang berdarjah keselamatan atau kepentingan 
Malaysia seperti yang termaktub di dalam AKT A RAHSIA RASMI 1972). 
10 TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan oleh 
organisasilbadan di mana penyelidikan dijalankan). 
UJ TfDAK TERHAD 
Disahkan oleh 
(TANDATANGAN PENULlS) 
Alamat Tetap: 	 NO.231, (F) Putri Malu, 
26420, Bandar Jengka, 
Pahang Darnl Makmur. 
Tarikh: ___-'-II~Act::p.:..!ri:,..;12::.:000,---___~~
Nama Penyelia: Nazeri Abdul Rahman 
Tarikh: __--'I...,I:....:Ac.:.P""r""il...,2""'0'-"0c.::.O___-' 
CATATAN • Potong yang tidak berkenaan 
•• Jika Kertas Projek ini SULIT atau TERHAD. sila lampirkan sura! daripada pihak berkuasalorganisasi 
berkenaan dengan menyertakan sekali tempoh kertas projek. 
This project report entitled "THE ENERGY STUDY ON THE UNIMAS 
FACULTY OF ENGINEERING BUILDINGS" was prepared by HASLINA 
BINTI ABDUL RAHIM as a partial fulfillment of the requirement for the degree of 
Bachelor of Engineering with honours (Mechanical Engineering and Manufacturing 
System) is hereby read and approved by: 
~2£L--_...::> It~1 J..m 
~ Abdul Rahman Date 
(Supervisor) 








The researcher would like to express her sincere gratitude and appreciation to her Project 
Supervisor, Mr. Nazeri Abdul Rahman for their inspiring guidance, encouragement and 
thoughtful tips throughout the duration of this project. 
In addition, the researcher wishes to specifically thank my parents, family and friends for 
giving their support, help and encouragement toward the end of this project. Lastly, but 
by no means the least, not forgetting everyone who had involved in one way or another to 
make this project a success, the researcher wishes to thank them for their help. 
ABSTRACT 

The main objective was to study the energy usage in Faculty of Engineering office, 
Electronic and Telecommunication Engineering, and Civil Engineering building. The 
study is focusing in cooling or air-conditioning system. This study involved research and 
analysis, where inside and outside temperature were taken using Digital Thermometer 
(Thermoset). The relationship between the inside and outside temperature is determined 
through the knowledge of heat transfer. In addition, with these data different heat loss of 
material construction include concrete wall, wood (wall and door) and glass window was 
then be determined. The result of this study determined the energy usage in building 
much as of the air-conditioning system. The research is suggested recommendations for 
optimum energy usage and saving energy cost. The relationship obtained from this study 
is then used as a reference guide for the energy saving. 
ABSTRAK 

Objektif utama kajian ini adalah membincangkan penggunaan tenaga yang digunakan di 
dalam bangunan pejabat Fakulti Kejuruteraan dan makmal Kejuruteraan Elektronik dan 
Telekomunikasi dan Kejuruteraan sivil UNIMAS . Tumpuan utama kajian dalam sistem 
penyaman udara atau penyejukan ruang bilik. Kajian ini melibatkan kaji selidik dan 
analisis, dimana suhu dalam dan luar bangunan di ambil sebagai data kajian 
menggunakan Termometer Digital (Tennoset). Penghubungan diantara suhu dalam dan 
luar bangunan dapat mengira dan menentukan pemindahan haba. Selain itu, dengan data­
data yang diperolehi, pembezaan pemindahan haba antara bahan-bahan binaan bangunan 
yang merangkumi konkrit (dinding), kayu (dinding dan pintu) dan kaca (tingkap) dapat 
ditentukan. Keputusan kajian ini dapat menentukan penggunaan tenega di dalam 
bangunan banyak digunakan untuk proses penyejukan ruang. Penghubungan yang 
diperolehi daripada kajian ini dapat digunakan sebagai sumber rujukan kepada cara 
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This chapter introduces the type of energy usage in building, history of energy and the 
energy usage in building. 
1.1 Introduction to Energy 
Energy is necessary for daily survival. It is one of the building blocks of modern 
life. It is also needed to create goods from natural resources and provide many of the 
services needed. Energy is defined as the capacity for producing an effect, which includes 
not only the physical work of moving heavy objects but also, it can be classified as stored 
energy or energy in transition [Allen, 1992]. 
According to Hinrichs [1992], the energy is the capacity of a physical system to 
do work; the units of energy are joules or ergs. While, the word work might bring various 
pictures to mind in such fields as literature and biology. In physics work is defined as the 
product of a force times a distance. Work is a way of transferring energy to an object. 
Another way of transferring energy to a system is through the flow of heat. 
According to Collins Cobuild English Dictionary [1995], energy is the power 
from sources such as electricity and coal that makes machines work or provides heat. 
Human being tends to take for granted the continuous availability of unlimited quantities 
f energy. 
The internationally agreed unit for quantities of energy is Joule, and one Joule (1 
J) of energy is required to make a force of one Newton (1 N) move through a distance of 
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one meter (1m) [Allen, 1992]. The delivered energy is the available energy for consumer 
direct use in whatever manner is required - heating, lighting, mechanical work, cooking, 
transport and all kinds of industrial processes. Energy is needed to grow and process our 
food, manufacture, material possessions, warm and cool our building, transport us to 
work or for recreation. 
Thermal energy is the sum of the kinetic energy, rotations energy and vibration 
energy of the molecules. Such energy tend to increase exponentially with time, this is 
show by Figure 1.1: 
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Figure 1.1 Consumption of energy in the development of human society [Allen, 1992]. 
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1.2 History of Energy 
Beginning with an oil embargo in 1973 and continuing through the Iranian 
revolution in 1979 made many people aware of how crucial the energy is to the everyday 
functioning of our society. Long gas lines and cold winters with natural gas shortages in 
the 1970s are still unhappy memories for some people. The energy crises of the 70s were 
almost forgotten in the 80s. However, the decade brought an increased awareness to our 
environment. Concerns with global warning, acid rain and radioactive waste are still with 
today and each of these is related to our usage in energy. The interest in energy has 
been rekindled in the 1990s, again because of political events in the Middle East 
Plinrichs, 1992]. 
The federal department responsible for maintaining a national energy policy 
created in 1977. In a typical developed society, about 30 percent of the primary energy 
input are lost in the conversion for energy delivery. The useful energy that the consumer 
gets, in the form of heating, lighting, mechanical work and etc. The energy delivered is 
reduced further by a factor of about 30 percent. This is due to conversion in efficiencies 
in the consumer's appliances or processes. Figure 1.2, shows energy flow for the 
developed country [Allen, 1992]: 
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Figure 1.2 Energy flow through developed country [Allen, 1992]. 
1.3 Introduction to Energy in Building 
1.3.1 Energy in Building 
The uses of energy are traditionally broken down into four sectors, 
commercial building (offices, schools, hospital), industrial, transportation and 
residential (single-family and multi-family dwellings). The quality of energy is 
degraded in transformation and its usefulness for performing work is reduced. It is 
impossible to convert all of a given quantity of heat energy into useful work, as a 
significant proportion of it is always discharged to the surroundings. According to 
Hinrichs [1991], the amount of wasted heat was about half of the energy input. 
The largest percentage of waste occurred in the generation of electricity, where 
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about 64 percent of the input energy ended up as waste heat and only 36 percent 
as electrical energy. 
To deal with energy usage in the buildings, it is necessary to understand 
the energy-related characteristics and implications of the building. Oman [1986] 
indicated that building was heated up by releasing thermal energy within the 
building at a rate that equals the heat escaping from the building when air within 
the building is at its desired temperature, which is usually at 22.4 °C in buildings 
occupied by people. 
Oman [1986] also indicated that a building was a box from which in cool 
room, the heat lost was mostly by conduction through walls and in air that leaks 
through cracks and opening. 
The main usage of energy In the building is the equipment, au 
conditioning and lighting. Conditions within the building are determined by the 
type of equipment used, the number of people, the type of activity, water vapour 
generated and process used . Any scheme for improving energy efficiency in 
buildings must begin with space heating. The means will vary from building to 
building depending on their size, age, and state of repair and the uses to which 
they are put in used. ..., 
By following the standard imposed by Baharudin [1989] , room 
temperature in Malaysia's building must be at least 25.5°C, but the room 
temperature usually set between 22°C to 18°C. 
Baharudin [1989] indicated that, estimated that 55 percent of the energy 
used in buildings is for air conditioning, 32 percent for lighting and 13 percent for 










Figure 1.3 Energy used in building [Baharuddin, 1989]. 
1.3.2 Heat Loss and Heat Gain 
Heat is a form of energy produced through the expenditure of another form 
of energy. Heat is defined as a form of energy that is transferred across the 
boundaries of a system due to the difference in temperature. 
Energy transformation vary considerably in it degree of efficiency but it 
remains the ever-present tendency for some energy to be lost to the environment. 
Allen [1992] indicated that an ordinary electric light bulb is a familiar household 
object in which only about 5 percent of the electrical energy input appears as light, 
the remaining 95 percent going to heat up the surroundings. The relative 




generator 95% Mechanical -7 Electrical 
Table 1.1 
motor Electrical -7 M 
90% GravItational potentIa 
Electrical 
75 Chemical Thermal 
45% Thermal -7 echalllcal 
bulb Electrical Radiant 
Chemical Mechanical 
tlon engme 1 % 
Mechanical 
Electrical Radiant 
Approximated efficiencies for common energy conversion devices and the 
type of energy transformation involved [Allen, 1992]. 
Generally, the thermal energy in building is transferred to or from the 
outside environment. The heat loss or gain is the amount of heat instantaneously 
coming into or going out of the space. The thermal energy transfer rate is referred 
to as heat loss when the temperature inside is greater than the temperature outside. 
On the other hand, the thermal energy transfer rate is referred to as heat gain when 
the inside temperature is lower than the outside temperature [furner, 1996]. 
Turner [1992] denoted that the heat loss of a building is the quantity of 
heating energy required to maintain a desired inside temperature . The heat gain of 
the building is generally defined as all those elements that determine the cooling 
load, or the amount of heat that must be removed to maintain a conditioned space 
at a specified temperature. It is also based upon the specified inside temperature 
maintained under a given set of outside conditions and level of activity within that 
space. 
Heat losses from a building into the fabric loss and the infiltration loss. 
The fabric loss is the heat loss through the fabric depends on the thermal 
resistances of the various elements making up the walls, roof, floors and etc. The 
thennal resistances of the inside and outside surfaces of the building are due to 
convection through the fluid film on the surface and thermal radiation from the 
surface to the surroundings. Most of the heat loss in this type is through the wall 
of a building [Eastop and Croft, 1990]. 
Infiltration is defined as the uncontrolled inward air leakage through 
cracks and interstices in any building element, around windows and doors of a 
building. The pressure effects of wind and the effect of differences in the inside 
and outside air density cause it. It also can be influenoed by the air-handling 





Heating, Ventilation and Air Conditioning 
The mechanical heating or cooling load in a building depends upon the 
arious heat gains and losses experienced by the building including solar and 
internal heat gains or losses due to transformation through the building envelope 
aad infiltration of outside air. The primary purpose of the Heating, Ventilating and 
Air Conditioning (HVAC) system in building is to regulate the dry-bulb air 
humidity and air quality by adding or removing heat energy 
HVAC systems pertain to exist in the nonresidential buildings are the 
system of heating or cooling for human comfort or other process reasons. Air 
conditioning as an inclusive term, is the means to control temperature, moisture 
content, circulation and purity of the air within a space. This will produce desired 
effects on the occupants of that space or on products and materials manufactured 
or stored there. It is also the simultaneous control of the temperature, humidity, air 
motion and air distribution within an enclosure. Whenever human comfort and 
health are involved, reasonable air purity with regard to dust, bacteria and odors 
have to be removed. The primary requirement of a good air conditioning system is 
a good heating system. 
Any air conditioning system must be designed so that it is capable of 
removing the quantity of heat, which enters the controlled area under the worst 
case conditions, such high temperature and high humidity days. Additionally, all 
heat generating factors, such as human occupancy, lighting, electrical equipment, 
and any other energy consuming devices must be accounted for when calculating 
the maximum heat load of a given area [Caristi, 1991]. 
zone 
INTRODUCTION 
According to Kennedy et al [1994], the HV AC system for a facility was 
the system of motors, ducts, fans, controls and heat exchanges units which 
delivers heated or cooled air to various parts of the facility. 
HVAC system types can be typically classified according to their energy 
efficiency such as highly efficient, moderately efficient or generally inefficient. 
This terminology indicates only the comparative energy consumption of typical 
systems when comparing to each other. The types of air conditioning are single 
duct systems, dual duct systems, radiant heating, natural convection, fan-coils and 
closed-loop heat pumps. 
The majority of all-air HVAC systems employ a single network of supply 
air ducts, which provide a continuous supply of, either warmed or cooled air to the 
occupied areas of the building. The single duct systems can be classified into 
single zone, variable air volume, reheat system and multizone. 
The single duct, single zone system is the simplest of the all-air HVAC 
systems. It is one of the most energy-efficient systems as well as one of the least 
expensive to install. It uses a minimum of distribution energy, since the equipment 
is typically located within or immediately adjacent to the area, wbichit conditions. 
Distribution energy includes alI of the energy used to remove heat within the 
system by the means of fans and pumps. 
The variable air volume HV AC system functions much like the single 
system. However the temperature of individual zones is controlled by 
thermostat which regulates the volume of air that is discharged into the space. 
Both the single zone and single duct HVAC systems can be modified into 
a system that provide simultaneous heating and cooling of multiple zones with the 
addition of reheat coils for each zone. These systems are identical in design to the 
crlON 
foregoing systems up to the point where air enters the local ductwork for each 
zone. 
Although commonly misused to indicate any system with thermostatically 
controlled air-conditioning zones, the multizone system is actually a specific type 
of HVAC system which is a variation of the single duct HVAC reheat system. In 
the multizone system, each zone is served by a dedicated duct which connects it 
directly to a central air handling unit [Turner, 1996]. 
Objectives and Novel Aspects of This Study 
This energy study aims to achieve some objectives. The first objective is to do 
rlllean:h about air conditioning system in offices and laboratories at the Faculty of 
J5D11bM~:ring, UNIMAS. The second objective is to study the energy loss process in all 
J)aiiIdiJlg at UNIMAS Faculty of Engineering. Another objective of the study is to 
fMllyses the building's energy use factor and costs. The last objective is to suggest 
I._DID energy usage. 
The scope is applied to the faculty of Engineering office, laboratories or classes in 
.CIn:,nic and Telecommunication Engineering, and Civil Engineering. The sources for 
energy study in these buildings are the heat input from ventilation, electrical 
{eQuipment and heat from the outside environmental. The heat from ventilation can be 
\JmndCld into two types. First, natural ventilation by air movement through doors and 
iWllIldOWS. The second, mechanically ventilated mechanism by air conditioning. The heat 
from electrical energy is such as induced by lighting and electrical equipment. 
CHAPTER 2 
LITERATURE REVIEW 
. :c:baJ)ter elaborates on research work that has been carried out and is closely related 
1II.'_B'IIIIUnv conducted. It covers not only the energy issues, but also the study of heat loss 
° in energy usage. However, special attentions are directed to the energy in 
research, especially the Heating, Ventilating and Air-conditioning (HVAC) 
Energy Management Research 
Turner [1992] studied the energy management in order to achieve purposed same 
NJcHve:s. First was to control the costs of the energy function or services provided. 
_ODd is to control energy functions in order to control cost. The third was to control and 
only the main energy functions. Lastly, was utilized to energy management 
.&mlll in installing controls and achieving results. This study mainly concentrates 
_m management in buildings and HVAC systems. 
According to Bojic [1993] suggested that the selection of a control scenario was 
••ti°al for efficient management of energy systems, which provide space heating and 
Zheng and Zaheer-Uddin [1996] indicated that to meet the objectives of 
.iIIiIlg energy-management control system (EMCS) in buildings is to improve the 
efficiency of Heating, Ventilating and Air-conditioning (HV AC) systems. 
VIEW 
Eaergy Studies on Buildings 
c et al [1997] evaluated the technical and economic perfonnance of an air-to­
changer (ATEHE) combined to system for heating or cooling of the building 
_·;u_·one hundred percent fresh air as heating or cooling medium during winter and 
lbis system is more energy effective and this energy cost of the system is lower 
,..... than for winter. 
tamouris et al [1994] studied about school buildings in Hellas and audited the 
y for construction, heating, cooling, lighting, and mechanical and electrical 
'Ibe annual average total energy assumption was 93 kWh/m2. Heating consumes 
lJII:'CeJilt of the energy, lighting 17 percent, 8.1 percent for electrical equipment and 
raJ__t for others. 
[1997] conducted a study in the design of the buildings itself in order to 
__re energy used. Based on the hypothetical office blocks, he concluded that the 
.1IIriJ12 principles were applied: 
(j) 	 In the UK there was no economic justification for double glass window in 
office blocks and the conclusion would be different for a country with a 
colder winter and higher energy costs. 
(il) The influence of the mass of the walls on the cooling load was not 
significant. Floor slabs had a marginal effect, heavier floors slightly 
reducing the cooling load contribution from solar radiation through 
window. Carpeting and furniture tended to insulate the floor slab from the 

solar heat gain and so reduced its effective mass. 

The mass of the roof slab was only significant for low-rise structures but 





application in a tropical climate, 
Research about Heat Loss and Heat Gain 
Mungwititkul and Mohanty [1997] presented results of a study on 
-saving potential for office equipment including personal computer (PC) 
SYlten~, printers, copiers, and facsimile machines in Thailand. In this study, heat 
are 53 percent for PC systems, 94 for copiers, 96 percent for dot matrix and 
-jet printers, 98 percent for laser printers, and 98 percent for fax machines. 
According to Santamouris et al [1994], heat loss of 43.9 percent, can be 
ted by adding by adding insulation to the buildings, 6.1 percent by using 
Ie glass window and 6.1 percent by increasing the heat-production and 
distribution efficiencies by 10 percent. 
Antonopoulos and Valsamakis [1993] studied and calculate the heat loss 
or gain through walls and effects of inside and outside heat-transfer coefficients. 
From Surapong and Bundit [1997] studies, it was estimated that the 
effect on system load shape of the application of cool-storage air-conditioning 
) in the commercial sector of Thailand. The effect of CSA applications by 
• tenn on the system load included a sizeable reduction of the peak load and an 
i8crea!1e of the off-peak load. They concluded that CSA was good potential for 
12.2 HVAC System and Lighting usage in Building 
Atkinson and McMahon [1993] discussed both the technical potential for 
,.lIliIltg savings aimed at realizing those savings in both the United State and 
:a_la. 2010 could save energy by at least 57 percent of projected lighting 
'city if most cost-effective measures were implemented in all applicable 
diDgs. 
Rave [1993] suggested that the replacement of traditional incandescent 
with energy-efficient compact fluorescent lamp in all public buildings could 
_1fOV,e energy efficiencies. 
According to Busch [1993], by using 35 percent of lighting for offices, 
.2 percent for hotels and 10.7 percent for shopping centers, ancillary cost saving 
air conditioning energy and capacity comprise a significant 30 to 50 percent of 
the total energy needed. 
Santamouris et al [1994] indicated that the results of energy consumption 
lighting can be reduced 30.7 percent by using improved fluorescent lamps, 45 
per1ZDt by using super metal halide fluorescent lamps, 12.6 percent by using 
onic ballasts, and 39 percent by using improved luminaries. Energy 
consumption for cooling can be reduced up to 30 percent by proper shading of the 
. ding, 9 percent by using fluorescent lamps and 11 percent by using internal 
SO percent by using ventilation techniques, and 97 percent by using a ceiling. 
Mills and Piette [1993] considered existing and emerging lighting 
.lIlPtments: lamps, ballasts, fixtures, controls, and design issues as well as other 
tIIIilld'in,g systems and features with which lighting interacts, including HVAC 
.,.tems in their study. 
ielsen [1993] studied about incandescent and compact fluorescent lamps 
~... ID this survey, total electricity savings consumption for lighting due to the 
• • ec:t fluorescent lamps is al least 15 percent, or 125 kWh per home. The 
. q8Ct fluorescent lamps can be saved of the energy. 
Stillesjo [1993] documented that the Swedish National Board for 
Qi.strial and Technical Development has introduced a number of innovative 
.al1II01~ogy procurement processes for public and commercial buildings. The 
.~·iv,e of the study was to monitor the participants that purchasing the energy­
• nt lighting and ventilation products, which meet the energy performance 
_~ts of 10 W/m2 for lighting and 1 kW/m3. sec. for ventilation. In the new 
COIIISb'U,ction and retrofit of existing buildings, a reduction in electricity use and 
r demand for lighting and ventilation range from 40 to 70 percent. 
According to Reddy and Claridge [1993], two factors that increase this 
• conditioning peak were: 
(i) 	 The amount by which the air-conditioner has been over-designed 
(ii) 	 The manner in which the occupant operates air-conditioner during 
hots summer afternoons. 
From Zaheer-Uddin [1994] , intelligent control strategies for HVAC 
processes are studied by considering a single-zone air-handling unit (AHU) and a 
zone space-heating system (TZSHS). Temperature responses of the AHU 
single and multiple input controls are given. Application of decentralized 
I to the TZSHS; with and without preview action is described. 
U.S. Department of Energy, indicated that the overaH efficiency of this 
onnation depend largely on the efficiency of the equipment itself. The 
TUREREVIEW 
;.drilJUtion systems that deliver 50 percent more conditioned air, lamps that last 
years, full-size refrigerator-freezers that use as little power as a forty-watt 
bulb, fuel cells in the garage, and photovoItaics in the windows. 
CHAPTER 3 
DATA ACCUMULATION AND 
CALCULATION METHOD 
iiJiM..- indicated the method of data collection and analysis of the gathered. The 
of data for the energy depends on heat transfer from a building wall inside and 
rature, type of building design, the number of occupation, and the type of 
t transfer 
BellDI8n [1989] explained that heat transfer was the science, which seeks to 
energy transfer, which may take place between material bodies as a result of a 
_lure difference. 
this study, heat transfer in buildings generally refers as energy loss. According 
[1992], in order to inform the rate of heat transfer through the building 
. compulsory to detennine the following important variables: 
Inside and outside temperature 

.) Conductivity of the individual material components 

00) The square footage of each of the material components 

heat flow cam is detennined, by knowing the temperature inside and 
.at1llre outside. Thus it is portray by Equation 3.1. 
. 
(3.1) 
Q = The component heat loss, W 
U = The thennal transmittance, W m2/ K or W m2/ °c 
A = The heat transfer surface area, m2 
Tin = The inside temperature in building, K or °c 
Tout = The outside temperature, K or °c 
transfer has three ways of movement, namely conduction, radiation and 
Conduction is the process by which heat flows through or along a material, or 
material to another in contact with air [Handisyde and Melluish, 1971]. 
to Bohn and MacDonald [1992], the movement of heat through a substance is 
etion. Figure 3.1 shows the heat movement through a substance by 
O ave:cticm is the transfer of heat through fluid (liquid or gas), that is caused by 
IUlIOtiion. [Handisyde and Melliuish, 1971], it will occur at the surface of walls, 
roofs when the surface is either wanner or cooler than the adjacent air. Heated 








Figure 3.1 Conduction [Bohn and MacDonald, 1992]. 
COLD SURFACES COOL 
THE AIR CAUSING IT 
TO FALL ~ 
I 
WARM WALL HEATS CONVECTION CURRENT­
INSIDE AIR CAUSING WARM AIR RISES 
IT TO RISE COOL AIR FALLS 






WARM WALL RADIATES 
SUN RADIATES HEAT TO INSIDE 
HEAT TO WAlL 
Figure 3.3 Radiation [Bohn and MacDonald, 1992]. 
. ._ . [19891 indicated that in contrast to the mechanisms of conduction and 
where energy transfer through a material medium was involved, heat also 
through regions where perfect vacuum exists. The mechanism in this case was 
••=tic radiation. It was the physical phenomenon of radiating energy in the 
~.-.... or particles. Figure 3.3 shows how the SUD heats a building by radiation. 
21 
..... Transmittance 
study, are must define the thermal transmittance, U in each component. The 
.1IDi~taJnce is also known as the overall heat transfer coefficient. Sherwin 
_1IeCJ that this relationship was based on thermal transmittance that includes 
both sides of plane fabrics and thermal conduction across the fabrics. 
Ts 
x 
Jipre 3.4 Combined Conduction and Convection [Sherwin, 1994]. 
rate of heat transfer due to convection can be evaluated using Newton's law 
Q=hcA LJT (3.2) 
he (WI m2 K) is the coefficient of heat transfer from the surface to the fluid, 
the convective heat transfer coefficient. 








A I Ah 
ec 
(3.3) 
The thermal conductivity, W/m °C or W/m K, referred to as 
the Table A-J in Appendix A 
The thickness of the material, m 
The temperature different, K 
alion 3.2, from fluid A to the surface 
(3.4) 
(3.5) 
The convective heat transfer coefficients for environment, 
The convective heat transfer coefficients for air, W/m2 K 
surface - from Equation 3.3, 
= 
= 
Q _ leA (7; - TJ 
x 




TA - TB 
(3.6) 
rate of heat transfer Q is the same across the combined 
temperature differences can be summed to produce: 
r. )+ (r. - T ) + (r. _T ) = ~ + Qx + Q 
21 2 Ah Ak Ah 
ec ac 
= Q/A (l/hec + x/k + l/hac) (3 .6) 
.,,:ion 3.1, we can get, 
= (llh~e + xlk + lIhae) (3.7) 
m2K or WI m2DC) is called the thermal transmittance or overall heat 
fall into two categories the fabric loss and 
The fabric energy losses are energy losses through the various elements 
windows, roofs and floor. However, the ventilation losses are due to air 
Fabric Energy Loss 
The fabric energy loss depends on the thermal resistance of the inside and 
of the building due to convection through the fluid film on the surface and 
radiation from the surface to the surroundings. 
1be fabric energy losses for a building are abided to the Equation 3.1 to 
Ventilation Loss 
• 	are generally ventilated through doors, windows and ventilators, or air 
by providing air through ducts at controlled conditions and removing 
IfUUOllgh exit ducts. 
ventilation loss rate is given by: 
(3.8) 
The ventilation heat loss, W = 
The constant value, 1/3 W h/m3 K= .. Inside air temperature, K or dc.= 
T... Outside air temperature, K or dc.= 
y = The building of volume, m3 

n = Air change per unit time 

density of air and Cp is mean specific heat of air at constant pressure, 
temperature range are approximately 1000 J/kg K and 1.2 kg/m3. Hence 
. 	1200 W sl m3 K or (1/3) W hi m3 K.) 
describes methods of energy usage 
project methodology are: 
Conduct detailed literature survey 






in buildings and also the procedure 
r,uulllDg the experiments. This included collecting of the information on the data 
project objective was to detect energy usage in buildings. To achieve thus 
there are several procedures or methodology that need to be taken. The 
on similar research, which may have 
Collection of data and conduct simple experiment on the energy usage of 




Ir · "~ 
or the Energy usage in Buildings 
was divided into experimental and computational work. The 
of this study was to collect the data. Before this study, Bojic et al 
"ouris et al [1994] and Jones [1997] literature work should been carried 
.=rature research of this study abides to the type of the building studies. The 
:study are for commercial building such as offices and laboratories. The 
the inside temperature, the type of building, the process or 
.ilding, the electrical and mechanical equipment, and the material or fabric 
such as concrete, wood and glass. Other information, required was the 
lIOIlIIcaucm of the air-conditioning in the building. Table A-2 in Appendix A 
...lCifiication of the air-conditioning in building for Faculty of Engineering, 
of the building research includes the Faculty of Engineering office 
and Telecommunication laboratories and Civil laboratory. The 
~_OPJle occupying the building, the environment factor such as the weather, 
_nture and the sun direction were also consider in the research. Addition 
IIlllmllnrE:d in this research was to determine the activity utilizing the energy. 
IUIIISi(ie and outside temperature were collected for calculating of the heat loss. 
of Data Information 
tudies, the data collected were inside and outside temperature. Then, the 
wereusing Microsoft Excel Program by employing the equation in Chapter 
Experiments 
The experiment done was the survey of the building and collection data. 
1 ....!l"Ju·lIItp survey of the load components of the space to be air-conditioned was 
requirement for the study. The building plan shows in Appendix C. 
physical aspects must be considered in studying the 
(i) 	 Orientation of building - The geographic location of the building, 
in order to consider the sun effects. 
(ii) 	 Use of space - Office and laboratory 
(iii) 	 Physical dimensions of space - Length, width and height of the 
buildings 
(iv) 	 Construction material - Materials and thickness of walls, windows, 
and door 
(v) 	 Air conditioning - Type, specification and location 
(vi) 	 People, lighting, electrical and mechanical equipment and etc. 
The procedure taken for the data collection are as followed. First was to 
_ mille the suitable time, which at office hours, from 8.00 AM until 5.00 PM. 
data taken are the inside and outside temperature. It was collected in every 
and the data was recorded in the sheet as attached in Appendix B. The 
temperature was taken at to each room in the building. The thermoset 
Thermometer) was used for inside and outside temperature collection. 
experiments also considered the number of people, and activities in the 
The collection of the data was done in two week in order to consider the 
ltRua:s due to weather. 
Programming 
The Excel Program could read ily analyze the data obtained from the 
Before any analysis could be done using this program, it was 
_tant to identify the parameter. The following are the required data: 
(i) Parameter of the building - length, width, height 
(ii) Thickness of the fabric building - wall, window, door, etc. 
(iii) Thennal conductivity (k) of each fabric - see the Table A-I III 
AppendixA. 
(iv) Heat transfer coefficient (h) 
The inside and outside temperature are averaged in order to calculate of 
loss. The program was divided in four categories, namely the energy loss 
for the Faculty of Engineering office building, Electronic and 
Engineering laboratory building, Civil Engineering laboratory 
_ling and the comparison of energy loss. The calculation will be discussed in 
Excel Program, the program for each building was divided to five sub­
tbe energy loss for concrete waU, wood wall, glass window, wood door 
of the energy. 
parameter for the Faculty of Engineering office building was different 
Engineering laboratory and Civil 
laboratory building parameters . 
• m lg does the all of data analysis. The analysis of data was divided two 
'The comparison of the result of this study 
are including the outside temperature and the calculation of the energy 
the result is the original parameter such as the parameter of building, the 
IiMImntt.." and etc. The graph is the form to illustrate for the analysis result. In 
It'nann has two types that is: 
'DIe outside temperature and the energy loss when the different of the 
temperature are normally versus time 
second type is the energy loss when anyone of the temperatures is 
M 
DIU:i80ln result include the comparison between each building of the study, 
between the fabric or material construction of building and the 
the ventilation of the building. The comparison between the fabric or 
of building via two ways that is, first way is the calculation taken 
the second ways are the calculation all the area of the building. The 
into three types such as followed: 
comparison energy loss between each building versus time 
comparison fabric loss in one building only versus time 
comparison the ventilation loss in one building only versus time 
this result included the suggestion of the material wall such as the full 
wooden wall and the mixture of the both materials. Another suggestion 
....' Brii"tt'nUl and compare with the single window. The graph also shows the 
f,wil'tWAu\,uofthe data is following the equation as stated in Chapter 3. 
This value of 
length, width 
and height is 
constant 
This x, k, hi 
and h"are 
constant 
Figure 4.1 The Value Parameter Constant 
_11ft 4.1 shows the constant value Excel program. For detail of constants 
... in Appendix D. The difference of inside and outside temperature is used 
_ons ofenergy losses. From the Equation 3.7, 
JIU= (llhec + xlk + lIhac) 
overall heat transfer coefficient or thermal transmittance, U can be found and 
_ lCUIatlcm is as followed: 
33 

...:ss(x) = 0.12 meter 
= 0.8 W/m K (for concrete) 
ilvPl'otivp heat transfer coefficient inside (hi) = 
linIo.dh/p. heat transfer coefficient ou tside (ho) = 
=(1/10 + 0.12/0.8 + 1/8) 
1II· ~Jlllpr(lrv loss is calculated by using the Equation 3.1, 
Transfer Coefficient (U) = 2.67 W /m2K (For concrete) 
= 138.75 m2 (for office building) 
Temperature (Tout) = 29.20 oC 




Q =2.67 W/m2K (138.75 m2) (29.20 - 21.28) K 
=5303.13 W 
Using the outside temperature minus with the inside because the heat loss could 
the positive value did the calculation. Not consider about this position. 
Table 4.1 shows the calculation of the heat transfer coefficient in office building. 










0.1 0.17 10 8 1.23 
0.01 1.4 10 8 4.31 
0.04 _",0.17 10 8 2.17 
Table 4.1 The Calculation of the Heat Transfer Coefficient 
CHAPTER 4 METHODOLOGY 

In this sheet, the three column of the energy loss that is: 
01 = The outside temperature are constant 
02 = The inside temperature are constant 
03 = The inside and outside temperature are not constant 
The calculation of the ventilation are using Equation 3.8 such as 
Qv = jJCpn V (Tin - Tout) 
=1/3 n V (Tin - Tout) 
For example calculation is: 
Data: 
The air change per unit time (n) = 2 per unit time 
The volume of the building (V) = 3 m x 15 m x 36 m 
= 1620 m3 
Outside Temperature (Tout) = 29.20 oC-+ 
Inside Temperature (Tin) = 21.28 oC 
Calculation: 
Ov =0.3 (2 h·1)(1620 m3) (29.20 - 21.28) K 
=7698.24 W 
CHAPTERS 
RESULTS AND DISCUSSIONS 

This chapter discusses about the result and findings of the research energy in building. 
The methodology of this research was stated in Chapter 4. The result is derived from the 
experimental setup and the correlation of the results obtained from the analysis using 
Microsoft Excel Program. 
The details of the data and the results obtained from the research are illustrated in 
Excel Program. rsiJ 
The results obtained were divided into 
(i) Energy usage of each building 
(ii) Energy loss through the fabric and the ventilation 
(iii) The affect of the parameter factor to energy loss in building 
The Result of the Energy in each Building 
.... 
The study of the energy in building was carried out in three types of building 
which are Faculty of Engineering office, Electronic and Telecommunication Engineering 
laboratory and Civil Engineering laboratory building. Each building has different type of 
use, location, size and process use. These buildings are commercial buildings, in which 
the uses are similar to the residential and provide the heat and light for buildings and 
power for office, machines and computers. The result of this study determined the energy 
usage in different building. The energy loss varied according to the type of building, 
activity in the building, the number of people and equipment or machine, [David and 
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Mats, 1996]. The energy use at Faculty of Engineering building is for cooling process 
and this is proved from this study. 
The result of this study is portrayed in the form of graph. Graph 5.1 and Graph 
5.2 shows the energy loss of the Faculty of Engineering office building, Graph 5.3 and 
Graph 5.4 shows the energy loss of the Electronic and Telecommunication Engineering 
laboratory building and Graph 5.5 and Graph 5.6 shows the energy loss of the Civil 
Engineering laboratory buildings. The detail of result will be discussed further in this 
chapter. 
5.1.1 Faculty of Engineering Office Building 
Faculty of Engineering Office is centre for management for the faculty. 
The energy in the form of electricity for cooling, lighting and office equipment 
(computer, printer and etc.). The number of people increased in office and at the 
time of this study, supporting staffs are handling the registration student. Due to at 
the inside temperature in office should be changed according to the activities in 
building. The energy loss of the energy could be· calculated with inside 
temperature in building. 
Table 5.1 is the result of the quantity and specification for the equipment 
in office building. The office building has the small room for the lecturer and 
staffs. In each room in office building could be the different type of air 
conditioning. The small room, the specifications of air-conditioning (WM 9) are 
2.78 kWh/9,500 Btu only. That means, the power of air conditioning is very small. 
The specification of air conditioning can see in Table A-2 in Appendix A. 
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tyo. 
Ma Door 21 
192 
room 123 
4 Air-conditioning WM9 8 
WM18 4 
F24 4 
Table 5.1 The Data at Faculty of Engineering Office Building, UNIMAS 
Table 5.1 shows the quantity and specification of the equipment in Faculty 
of Engineering office. Generally, the office was divided into many rooms for 
lecturers and staffs, and each room was equipped with different types of air­
conditioning. The power consumption of the small rooms is lower compare to the 
larger room since the usage of WM 9 type of air-conditioning system, which the 
specification is 2.78 kWh/9,500 Btu. See Table A-2 in Appendix A. 
The larger rooms and meeting room were using F 24 type of alf­
conditioning which the power consumption is 7.03 kWh/ 24,000 Btu. More power 
is needed to produce cool airflow for the whole bigger rooms. 
The dean and academic staffs room utilize WM 18 type of air-conditioning 
system which the power specification is 5.27 kWh/ 18,000 Btu. So, the total 
quantity of power usage is 71.44 kWh/ 244,000 Btu. 
For discussion purposes of the energy loss In office building, refer to 
Graph 5.1 and Graph 5.2. Graph 5.1 shows the relation between the energy loss 
and the outside temperature versus time. It shows that energy loss is not constant 
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when the inside and outside temperature are varied. The highest energy loss are 
6740W at 12.00 p.m. The heat loss is 3950 W in early morning at 8.00 a.m. and 
the evening energy loss is 3770W. Using Microsoft Excel Program does the 
calculation of the total energy loss. 
At 8.00 a.m., energy loss and temperature outside are low and increasing 
until the afternoon, then it started decrease too ago. In morning, energy loss 
increase randomly constant until the afternoon but at the evening, energy loss 
decreased gradually. The result could be viewed in Graph 5.2. Generally, the 
graph must increase and decrease gradually. However, at the time of the 
experiment, the day was raining. The weather is one of the affected factors for 
energy loss and discussed in detail in Section 5.3. 
Energy loss decrease at the evening from 2.00 p.m. until 5.00 p.m. The 
decrement of the energy loss is due to decrement of the number of people. Most of 
them are already going back at evening. This is discussed in detail in Section 5.3. 
Graph 5.1 shows the relationship between the outside temperature and 
energy loss according to time when the data is taken. From the graph, the outside 
temperature and energy loss is decreasing and vice versa. 
Graph 5.2 shows two different conditions. First, the outside temperature is 
constant and the blue line shows the energy loss. When the outside temperature is 
constant, the energy loss from the building increase from 8.00 a.m. to 12 noon. 
After 12.00 noon, it then decreases. According to Holman [1989], the outside 
temperature is one of the factors of the energy loss and this result was proved it. 
The affect factor is discussed in Section 5.3. Another condition is when the inside 
temperature is constant and the pink line represents it. It shows that the energy 
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loss increases from 8.00 a.m. to 12.00 noon, but then the energy loss started to 
decrease gradual! y. 
5.1.2 Electronic and Telecommunication Laboratory Building 
Electronic and Telecommunication Laboratory building includes electronic 
lab, computer lab and classes. Generally the energy is used for cooling, lighting, 
equipment (computer, printer and etc.) and machines. 
At the time the study is done, the number of student is less because most of 
them were going back for holiday. Only final year students are in the lab doing 
their experiment and typing their thesis. So, the author believes that the energy 
loss should be higher when they were coming back. 
No. Item Type Quantity 
1 Main Door wood 2 
2 window glass 29 







Table 5.2 The Data at Electronic and Telecommunication Engineering Building, 
UNIMAS 
Table 5.2 shows the quantity and specification of the equipment in the 
Electronic and Telecommunication of engineering laboratory bUilding. Total 
quantity of power consumption is 78.64 kWh/ 268,500 Btu. Other rooms were 
CHAPTERS RESULTS AND DISCUSSIONS 
using F 24 type of air-conditioning system which the specification is 7.03 
kWh/24,000 Btu. 
The result of this study is shown in Graph 5.3 and Graph 5.4. Both 
graphs pattern are similar to the office building. The highest energy loss is 7120W 
at 12.00 p.m. The value energy losses for the total energy losses in Excel Program 
file that name are 'Et: Pro2'.~ 
It's showed that at morning and evening time, the value energy loss could 
be almost the same. That means, the energy loss of the Electronic and 
Telecommunication laboratory is very stable and the equipment or electric 
machine usage did not effect of the energy balance. The energy was mainly used 
for cooling of the building. This proved in this result when the graph is gradually 
increased and decreased. According to Santamouris et al [1994], the equipment 
or machines are very low energy users and most of energy is used for heating or 
cooling in rooms or buildings. 
Due to the fact, the equipment and machine in this laboratory did not 
produce heat to the surrounding and room of the building, this building was not 
warmed when the equipment were used. 
4 









25 +-------.------.-------.------,,------+ 0 
















Telecommunication Engineering Building, UNIMAS 
10 12 14 
TIme (Hour) 
.---­Heat L~ IMth 
TE!f1l)erature ruside 
Coostant 




Graph 5.4 The Heat Loss with Temperature Outside and Temperature Insjde 
Constant at Electronic and Telecommunication Engineering Building, UNIMAS 
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5.1.3 Civil Engineering Laboratory Building 
Civil Engineering laboratory building is usage was similar to the 
Electronic and Telecommunication laboratory but with difference equipment and 
process. For example, the process and experiment in the Civil laboratory are 
constructions and material study. This laboratory also has electrical and 
mechanical requirements, computers and construction equipment, which required 
energy of electricity. 
No. Item Type Quantity 
1 Main Door wood 2 
2 window glass 30 
3 room 11 




Table 5.3 The Data at Civil Engineering Building, UNIMAS 
Table 5.3 shows the quantity and specification of the equipment in the 
Civil engineering laboratory building. Total quantity of power consumption was 
87.12 kWh/ 297,500 Btu. Other rooms are using F 24 type of air-conditioning 
system which the specification is 7.03 kWh/24,000 Btu. The one small room was 
using WM 9 type of air-conditioning system which is 2.78 kWh/9,500 Btu. 
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Classrooms are using WM 18 type of air-conditioning system which the 
specification is 5.27 kWh/18,000 Btu. 
The result of this study is shown in Graph 5.3 and Graph 5.4. Both 
graphs pattern are simHar to the office building. The highest energy loss was 
7366W at 12.00 p.m., whenever the initial energy loss was 1750W and the final 
energy loss was 3100W. The value for energy loss analysis is in Excel Program 
file, which was named, as 'Et: Pro2'.1Rl 
In the morning, the room temperature at Civil Engineering is very cool 
because the operations of the experiment and the classes have not started. The 
equipment machine at Civil Engineering has much as to produce heat of the 
surrounding or room in the bui1ding. Usually, the energy loss and the inside 
temperature could be increased from morning to afternoon and decreased in the 
afternoon. 
From result, the Civil Engineering laboratory building has the highest 
energy loss. The lowest energy loss is from the office building. Graph 5.7 shows 
the comparison energy loss between the building. The lower energy loss means 
that building is very cool and the higher energy loss means the building are very 
hot. In theory, the office must be-eooler than the laboratory [Nadel, 1993]. This 
means that, the energy loss is a function in determining the value of energy usage 
in building. 
Bohn and MacDonald [1992] explained that the temperature is the speed 
of molecular motion. Quantity of energy is the combination between number and 
speed of molecules in motion. With that, the energy loss depends on the increase 
temperature. Thus, if the temperature were lower, it would cause less energy loss. 
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Energy moves naturally from warm to colder areas. It always seeks to 
balance or even out the temperature of objects and substances. This movement can 
be understood as the movement of molecules. The warmer air has faster moving 
molecules than colder air. 
The inside temperature can change at every time and reading from 19°C 
until 2S 0c. Which means that, the cooling process is using much of the energy. 
The lighting produces less energy in building and did not energy the building. 
According to Busch [1993], lighting and other electric equipment are lower of 
energy. 
Another reason of the highest energy loss in Civil Engineering laboratory 
was the quantity of power of air conditioning. The total quantity power of air 
conditioning for each building are 71.44 kWh/244,000 Btu, 78.64 kWh/268,SOO 
Btu and 87.12 kWh/297,SOO Btu, which for Faculty of Engineering office 
building, Electronic and Telecommunication Engineering building and Civil 
Engineering respectively. The result found that the Civil Engineering building 
used higher power for air-conditioning. 
Civil Engineering building was using four types of the specification air 
conditioning that are WM 9, WM··12, WM 18 and F 24, which the power is 2.78 
kWh/9,SOO Btu, 3.S1 kWh/12,000 Btu, S.27 kWh/18,000 Btu and 7.03 
k Wh/24,000 Btu respectively. Furthermore, the Electronic and 
Telecommunication Engineering building was using only two type only that is 
WM 9 and F 24, which the power is 2.78 kWh/9,SOO Btu and 7.03 kWh/24,000 
Btu respectively. 
The number of window in Civil Engineering building is thirty, while the 
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windows. The heat loss through the window is larger at Civil Engineering 
building compare to Electronic and Telecommunication Engineering building. 
Graph 5.7 shows the energy loss of the Civil Engineering building is the highest. 
For the Faculty of Engineering office building, it has nineteen windows only. It 
may be also that the office building is very small building. 
5.2 The Result of the fabric loss and the ventilation loss 
The study shows the result of the fabric energy loss of the concrete, wood and 
glass. Generally, energy loss from building can be divided into two categories. They are 
the fabric loss and the ventilation loss. The energy loss in the building can be transferred 
in three ways: 
(i) By conduction through walls and windows 
(ii) By radiation through windows 
(iii) By losing warm air to the outside through open doors and air leaks. 
5.2.1 The Fabric Loss 
Graph 5.8, 5.9 and 5.10 show the comparison of the fabric energy loss in 
Faculty of Engineering office, Electronic and Telecommunication laboratory and 
Civil Engineering laboratory building. 
Graph 5.8, 5.9 and 5.10 show the total energy loss via fabric. The highest 
fabric loss in a building is via concrete wall. It then followed by glass window, 
wooden wall and wooden door. The amount of energy loss was also depended on 
cross-section area of the material. The higher the cross-section area, the higher 
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energy loss. From this study, wooden wall has bigger cross-section area compare 
to wooden door and glass window. 
Graph 5.12 shows the comparison of energy loss to different type of 
fabric. The area is the same but the thickness of the fabric is different (Appendix 
D). The graph shows that glass window has the highest energy loss, the wooden 
wall has the lowest energy loss. So, the thicker is the fabric, the lower is the 
energy loss. Thus, wood is a poor energy conductor. Karlekar and Desmond 
[1982] and Sherwin [1994] stated that the thickness, cross-section area and the 
type of the material are the factor for the heat transfer. The more detail discusses 
in Section 5.3. 
The buildings are constructed with wooden and concrete wall, which have 
different height. The wooden wall is about two meters and concrete wall is about 
one meter. This is due to the capability of wood to reduce heat loss. Holman 
[1989] mentioned that the contractor should select type of material to construct the 
building by looking the thermal conductivity value of material. Table A-I in 
Appendix A shows the value of the thermal conductivity of certain materials. The 
thermal conductivity of wood is 0.17 Wlm DC, concrete is 0.8 Wlm °c and glass is 
1.4 W/m Dc. 
Graph 5.12 shows that the energy loss for window is higher than concrete 
or wood. Bohn and MacDonald [1992] stated that energy lose through window 
can occur by radiation, convection and conduction. All windows in engineering 
building were covered by curtain to reduce the radiation and the sun emissions. 
That means, the energy loss of window (glass) can be decreased and thus maintain 
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According to Thumann [1992], heat transmission through a wall was a 
function of its resistance to heat flows, solar radiation and wind velocity on the 
outside surface of wall. Energy loss through glass is affected by many 
environmental factors. The most significant are radiation, inside and outside 
temperature difference, velocity and direction of airflow. 
5.2.2 The ventilation loss 
The air-conditioning temperature is maintained at all time but the room 
temperature would be decreased and building is cooler. The temperature of the 
building is 18°C. 
The ventilation energy loss of the building is the energy loss through the 
air movement such as through doors, the open room and mechanically ventilated 
by fans or air-conditioning. The result of this study shows that the ventilation loss 
in office building is lower than laboratory building. Both Electronic and 
Telecommunication, and Civil Engineering are similar same value loss. 
Graph 5.13 shows the comparison of ventilation loss between those three 
buildings when outside temperature is constant. Graph 5.14 shows the 
comparison of ventilation loss of all three buildings when the inside temperature is 
~ 
constant and Graph 5.15 shows when both outside and inside temperature are not 
constant. 
The ventilation loss also depends on the volume of the building. The 
volume of engineering office building IS 1172.8 m3 and Electronic and 
Telecommunication Engineering and Civil Engineering buildings are, 1728 m3. 
Thus, the ventilation loss of both laboratories is almost similar in value but larger 
than the office building. 
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Another reason, for similar ventilation energy loss in both laboratories is 
due to the arrangement of rooms in the building, which is the same. 
5.3 	 The Affect of the factor Energy Loss 
The amount of energy loss is influenced by many factors such as following: 
(i) 	 The fabric act of the building 
(ii) 	 Thickness of the material 
(iii) 	 Environment and weather 
(iv) 	 Type of use, process use and the number of people 
5.3.1 	 The Fabric Act of the Building 
The energy loss depends on the type of fabric or material. The types of 
fabric for this study are concrete, wood and glass. Graph 5.11 and 5.12 show 
energy loss through different type of the fabric. The detail information about this 
graph is discussed in Section 5.2. 
Graph 5.11 shows the relationship between the amount of energy loss and 
type of fabric. The author made three assumptions; full concrete wall, full wooden 
wall and half-wooden and concrete wall. The full concrete wall has the highest 
energy loss. That means, the heat transfer through concrete is faster than wooden 
wall. 
The full wooden wall has the lowest heat loss value since it is a poor heat 
conductor. The utilization of wooden wall can reduce the amount of energy loss of 
building. Thus, for energy saving, using wood showed was one of the solutions in 
energy saving. Even though it is a good insulator, it did not be used for all 
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building construction because it has many disadvantages such as the cost of the 
wood is very expensive. Another reason is wood also easily effected by weather, 
environment temperature, the sun emission or radiation, humidity and water, etc. 
Graph 5.11 shows the value of heat loss by using half wood and concrete. 
Handisyde and Melluish [1971] have proven that material construction has 
affected the thermal insulation. Weston [1992] mentioned that the energy loss 
through the fabric depends on the thermal resistance of the various elements. 
5.3.2 Thickness of the Fabric 
Graph 5.12 shows the thickness of the fabric. The graph shows the fabric 
loss is the different thickness. If the thick is the fabric, the lower is energy loss. In 
Chapter 3, thickness is one of the factors that cause energy loss through the 
combination conduction and convection. For the calculation of the energy loss, the 
thickness was consideration. The thickness also depends on the material 
construction. The result of this study, the thickness of the wooden wall and 
concrete wall are similar. That means, the thicker is the material, the greater is 
energy loss. 
5.3.3 Environment and Weather 
The environment temperature is another affect factor of energy loss and it 
is depicted in Graph 5.2, 5.4 and 5.6. This graph shows that the obvious different 
when one of the temperature are constant. The outside temperature is very 
important for the energy loss. The inside temperature are depends on the outside 
temperature, emissivities of the various room surfaces, the shape of the room, and 
the convective heat transfer coefficients for the various inside surfaces. If the 
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outside temperature is increased, the inside temperature well also increases. The 
inside temperature increments depend also on the activity in building and the 
number of the people. 
According to Weston [1992), the environment temperatures are equivalent 
temperatures, which allow for radiation effects, either externally from solar 
radiation on the outside surfaces or internally from radiant interchange between 
internal surfaces. The amount of heating required is therefore reduced but this is 
normally ignored. 
The result shows that if the outside temperature constant, the energy loss 
could be the U curve. That means, at morning and the evening, the value energy 
loss highest. At afternoon, the energy loss is low. The curve is not suitable for 
application. 
The weather is also the factor. These factors could be shows in the graph 
of the energy loss at every day in detail Excel Program. [liil] 
In raining weather, the outside temperature is 29 °C until 32 °C only. The 
change of the temperature changed unexpectedly. If the weather is good, the 
outside temperature is 33 °C until 35 0c. The graph would show a smooth pattern. 
Thus, the weather could change the te"mperature indirectly. 
5.3.4 	 Type of Use, Process Use, and the People 
Other the factor showed be considered are type of use, process use and the 
number of people. The result from this study shows the effect indirectly. 
The activity process and number of people could produce or transfer heat 
indirectly but the value of heat transfer is very small. The people produced heat 
through respiration and body heat. 
CHAYfER5 RESULTS AND DISCUSSIONS 
In the Electronic and Telecommunication and Civil Engineering building 
machine and equipment are used. The result of this study showed that the energy 
loss of the both laboratory bui ~ding is higher than Faculty of Engineering office 
building. Graph 5.7 shows this result. From the graph, electrical and mechanical 
equipment at the laboratories produced and transferred small amount of energy. It 






This chapter concluded the overall result of this study. The scope of the study 
included at Faculty of Engineering office, Electronic and Telecommunication 
Engineering and Civil Engineering laboratory. The study focused on air-conditioning 
system or cooling process at building. The air-conditioning system is very important for 
this study because the system used most of the energy. The air-conditioning system usage 
at the building depended on power and specification. The different activity and size in 
rooms were used as the determination specification of the air-conditioning. 
The Civil Engineering laboratory building have the highest the rate of the energy 
loss and follow by the Electronic and Telecommunication Engineering laboratory 
building then the Faculty of Engineering office building. 
The research determined the energy usage in building by using the rate of energy 
loss from the fabric loss and the ventilation loss. The glass has higher the energy loss than 
the concrete or wood. 
The energy loss depended on the fabric of the building, thickness of the material, 
area of the building, environment temperature, type of room usage, and the number of 
people occupied the room. 
CHAPTE6 CONCLUSIONS AND RECOMMENDATIONS 

(d) The Suitable Specification ofAir-conditioning 
It is recommended to put the specification of air-conditioning 
consideration of the function or activity in room. It should also base on the 
volume of building at the room. 
(e) Fixing the Temperature 
In the study, the air-conditioning temperature was set lSoC regularly. The 
room temperature is highest at 2SoC to 27°C. The lowest room temperature is 
lSoC to 19°C. The air-conditioning temperature should be set to 22°C as it is the 
average of the room. 
(0 The Maintenance or Service of Air-conditioning 
The air-conditioning system must be serviced regularly. This service will 
check the system condition. 
(g) The Sensors Automatic 
The last recommendations are by installing the automatic sensor in the 
building. It functions to control the inslae and air-conditioning temperature. The 
sensors detect and change the air-conditioning to the fixed or optimum 
temperature. 
CHAPTE6 CONCLUSIONS AND RECOMMENDATIONS 

Generally, the research has successfully reach its objectives, and obtained 
acceptable results and findings. 
6.2 Recommendations 
This final year project has been completed successfully. For future studies, some 
recommendations have been recommended for optimum energy usage. The 
recommendations are classed as follows: 
(a) Double or Triple-pane Windows 
Windows lose energy by radiation and conduction, and convection. It is 
have increased of the energy loss and to cause the building to be warmer. The first 
suggestion is to insulate the window. The most common way is to use some form 
of sealed covering. 
The second suggestion is by installing double or multiple glazing windows 
as this type of window could reduce the rate of energy loss. 
(b) Reduce of the Windows 
The result of this study found t at window is the greatest mean of energy 
loss. Thus it is research is recommended to reduce the number of window. 
(c) The Fabric or Material Construction 
The contractor must chosen the best material for construction, which 
should have lowest thermal conductivity. Wood is the best material to use as is a 
poor conductor but good insulator. 
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Silver (pure) 410 
Copper (pure) 385 
Aluminium (pure) 202 
Nickel (pure) 93 
Iron (pure) 73 
Carbon Steel, 1 % C 43 
Lead (pure) 35 
Chrome-nickel steel 16.3 
(18% Cr, 8% Ni) 
Nonmetallic solids: 




Glass, window 1.4 
Maple or oak 0.17 
Sawdust 0.059 








Insulation materials: I 
Asbestos (sheets) 0.166 
Cork (ground)/ foam plastic 0.043 







Lubricating oil 0.147 





Water vapor (saturated) 0.0206 
Carbon dioxide 0.0146 
Oxygen 0.0383 
Table A-2 
The specifications of the Air conditioning in the Faculty of Engineering UNIMAS 
ISpecifications (Kwh/BTU) 2.78/9,500 3.51/12,000 5.27/18,000 7.03/24,000 
Code WM9 I WM12 
. . 
WM 18 F 24 




The Data Sheet of the Outside Survey 
The outside survey 
Date 













The Data Sheet of the Inside Temperature in Building 
THE TEMPERATURE SURVEY 





TIME Room Temperature 





12.00 AM I 
1.00 PM 
2.00 PM i 
3.00 PM I 
4.00 PM 
5.00 PM I 
-
Table B-3 
The Data Sheet of the Average of the Inside Temperature 
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APPENDIXD 
The parameter assumed to be constant are following: 
Ac = 326.4 m2 
Ael = 326.4 m2 
Ao = 296m2 
he = 8 W/m2 K 
hi = lOW/m2 K 
Vc = 1728 m3 
Vel = 1728 m3 
Vo = 1172.8 m3 
Xc = 12cm 
Xd = 4cm 
Xg = 7mm 
Xw = lOcm 
.... 
